Introduction: Cosmetic injections with silicone and polymethylmethacrylate are not FDA approved for augmentation of body parts such as breast, buttock or legs, but they have been widely used for decades. Cosmetic injections can cause foreign body granulomas and occasionally severe and life-threatening hypercalcemia. We aimed to systematically analyze the published literature on cosmetic injection-associated hypercalcemia. Methods: We searched relevant articles on hypercalcemia associated with various cosmetic injections and extracted relevant data on demographics, cosmetic injections used, severity of hypercalcemia, management and outcomes. Results: We identified 23 eligible patients from 20 articles. Mean age was 49.83 ± 14.70 years with a female preponderance (78.26% including transgender females). Silicone was most commonly used, followed by polymethylmethacrylate and paraffin oil (43.48, 30.43, and 8.70% respectively). The buttock was the most common site followed by the breast (69.57% and 39.13% respectively). Hypercalcemia developed at mean duration of 7.96 ± 7.19 years from the initial procedure. Mean ionized calcium at presentation was 2.19 ± 0.61 mmol/L and mean corrected calcium at presentation was 3.43 ± 0.31 mmol/L. 1,25-Dihydroxyvitamin D (1,25(OH) 2 D or calcitriol) was elevated while 25-hydroxyvitamin D (25(OH)D) and PTH were low in majority of cases. Hypercalcemia was managed conservatively with hydration, corticosteroids and bisphosphonates in majority of cases. Surgery was attempted in 2 cases but was unsuccessful. Renal failure was the most common complication (82.35% cases) and 2 patients died. Conclusion: Hypercalcemia from cosmetic injections can be severe and life threatening and can present years after the initial procedure. Cosmetic injection-associated granuloma should be considered a cause of hypercalcemia, especially in middle-aged females presenting with non-PTH-mediated, non-malignant hypercalcemia, which is often associated with elevated calcitriol; however, it should be noted that calcitriol level may be normal as well.
Introduction
Cosmetic surgeries are being increasingly performed worldwide. More than 11 million cosmetic surgeries were performed globally in 2013 with more than 1.4 million performed in US alone (1). Injectable fillers have gained popularity in the recent years because of their low cost and early recovery time in comparison to invasive surgery (2) . Fillers including collagen, hyaluronic acid and polymethylmethacrylate (PMMA) are approved by the Food and Drug Administration (FDA) for augmentation of the face and back of hand, but not other anatomic sites. Silicone injection is not FDA approved for cosmetic augmentation of any tissues (3) . Despite this lack of FDA approval, these fillers are frequently used for cosmetic augmentation of the breast and buttocks. Around 313 000 breast augmentations and around 12 000 buttock augmentations/gluteoplasties including encapsulated fillers were performed in the US in 2013 alone (1).
Currently, there are more than 160 different injectable cosmetic products worldwide from more than 50 companies (2) . Cosmetic injections can be associated with various complications, including injection site reactions, hypersensitivity and immune reactions, infections, migration of implants and foreign body granulomas (2) . Unregulated use of these products outside of conventional medical facilities increases potential risk for harm and abuse. Cosmetic injection-induced foreign body granuloma is reported in only 0.02-1% cases and is thought to be related to the impurities, irregularity and volume of injected fillers (4) .
In rare instances, these granulomas can lead to calcitriol-mediated hypercalcemia. The first case of cosmetic injection leading to granuloma-induced hypercalcemia for silicone was reported in 1984 (5) , and the first case of PMMA-induced hypercalcemia was in 2014 (6) . Overactivity of extra-renal CYP27B1 (also known as 1-alpha-hydroxylase) in activated macrophages in the granulomas is believed to lead to the pathological calcitriol production and subsequent hypercalcemia (7); however, calcitriol level may not always be elevated despite increased enzyme activity, especially if there is low 25-hydroxyvitamin D level to begin with. In those cases, the relative ratio of 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D might be more helpful than the absolute value of 1,25-dihydroxyvitamin D (8) . Cosmetic injection-associated hypercalcemia often presents years after initial cosmetic injection and can be severe enough to cause renal failure and death. In this review, we sought to systematically review the literature to better understand the presentation, clinical course and outcomes of these patients with cosmetic injectionassociated hypercalcemia.
Subjects and methods

Search strategy
A systematic electronic search (Fig. 1) was conducted from MEDLINE (via Pubmed), EMBASE and ClinicalTrials. gov for case reports, case series, systematic reviews and clinical trials for synonyms of 'foreign body, silicone, polymethylmethacrylate, mineral oil, paraffin, dermal fillers' and 'hypercalcemia' from inception till December 26, 2016. This was done using highly sensitive search strategies in order to minimize the risk of excluding relevant studies (Supplementary File 1, see section on supplementary data given at the end of this article). These themes were combined using Boolean operator 'AND'. Search was limited to humans and English language articles. Search strategy was supplemented by hand-scanning of references of relevant publications and contacting authors for additional information.
Inclusion criteria
• Age >18 years.
• Hypercalcemia defined as serum calcium level >2.6 mmol/L or ionized calcium >1.4 mmol/L.
• History of prior cosmetic injections with silicone, polymethylmethacrylate, paraffin oil, mineral oil, talc, etc.
• No other causes of hypercalcemia identified.
• Articles in English language.
Exclusion criteria
• No serum calcium values were reported.
Data extraction and analysis
Screening of articles for eligibility was performed by two authors (N T, B T). Conflicts during the screening process were resolved by the third author (S N). 
Results
We included 23 eligible patients from 20 articles (Table 1) . Mean age of the patients was 49.83 ± 14.70 years. Eighteen of 23 patients (78.26%) were females, including 6 transgender females. Six of 23 patients (26.09%) were using the cosmetic injections for lipoatrophy associated with highly active antiretroviral therapy. The most commonly used cosmetic injections were silicone (10/23, 43.48%) followed by polymethylmethacrylate (7/23, 30.43%), paraffin oil (8.70%) and mineral oil (8.70%). The buttock was the most common site of cosmetic injection Flow chart describing systematic search and study selection process. Presenting symptoms were nonspecific symptoms common to elevated serum calcium, including fatigue, weakness, dehydration, nausea, abdominal pain, constipation, polyuria, nocturia, cognitive decline and weight loss in 17/23 patients (73.91%). Only two of 23 patients (8.70%) presented with symptoms at the injection site. Five cases reported utilizing Gallium scanning, and all of them showed increased uptake at sites of injection. Eight cases reported utilizing PET/CT scan, with 7 of those (87.50%) showing increased metabolic activity at sites of injection. Biopsy of the involved skin or lymph node was performed in 20 cases, which revealed foreign body granulomatous reaction in 19/20 (95%) cases and 1 case reporting an insufficient sample. Three cases mentioned doing immunochemical staining for expression of CYP27B1, with all 3 reporting strong expression of CYP27B1.
Hypercalcemia was managed conservatively with hydration and corticosteroids in 20 of 23 cases (86.96%), was treated with bisphosphonates (pamidronate or zoledronic acid) in 12 of 23 cases (52.17%) and denosumab was used in one case (4.35%). Two cases were treated with calcitonin and one case with ketoconazole in addition to corticosteroids due to resistant hypercalcemia. Prednisone and methylprednisolone were the corticosteroids used (15 and 5 cases respectively). The most commonly used dose of prednisone was 30-40 mg/day or 0.5 mg/kg/day (range: 2.5-100 mg/day) and tapered as calcium normalized. Dose of methylprednisolone was reported in one case only (8 mg/day). Calcium level normalized with prednisone in 9 cases in days to months. Pamidronate was the most commonly used bisphosphonate in 11 cases and was used most commonly with glucocorticoids; however, it was used alone in 1 case (10) and reported normalization of serum calcium with no recurrence in 1 year. One case had persistent hypercalcemia despite repeated steroids and calcitonin but resolved with ketoconazole 200 mg every 8 h (6). Surgical resection of the granulomas was attempted only in 2 cases but was incomplete due to fragmented and encapsulated material in one case and extensive nature of the granulomatous infiltration in the other, and hence, medical management was continued (6) . Recurrent hypercalcemia occurred in 10 of 22 cases (45.45%). Renal failure was the most common complication, reported in 14/17 cases (82.35%) and was associated with 2 deaths. One patient who died had recurrent hypercalcemia with subsequent renal failure. Surgical reduction of the extensive paraffinoma burden in this patient was planned but could not be done due to renal failure and infectious complications (11) . The other 
± 0.31
Presented with symptoms of hypercalcemia, n (%) patient who died had recurrent hypercalcemia and UTI and died from UTI-related sepsis. She was also found to have anemia with hemoglobin of 7.6 g/dL due to antral erosions from recurrent hypercalcemia (12) .
Discussion
In this review, we noted many patients with an elevated 1,25-dihydroxyvitamin D (calcitriol) levels with suppressed PTH and low 25-hydroxyvitamin D levels in majority of the cases (65, 81.82, 68.42% respectively), suggesting a calcitriol-mediated, PTH-independent mechanism of hypercalcemia, which is consistent with typical granulomatous reaction (13); however, calcitriol level may not always be elevated as identified in 35% patients in our study. The relative ratio of 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D could not be calculated due to the heterogeneity of data. Biopsy of the granulomas were positive for CYP27B1 in the 3 cases that were tested (7, 14, 15) . Gallium scanning (5, 8, 16, 17, 18) and PET/CT (6, 7, 15, 19, 20, 21) revealed increased uptake/metabolic activity in 12 of the 13 cases we identified where this imaging was employed.
We identified silicone as the most commonly used cosmetic injection, and breasts followed by buttocks as the most commonly injected sites, despite absence of FDA approval for this indication (3) . We also identified a long delay in the presentation of hypercalcemia from the initial cosmetic injection, with the mean duration of 7.66 years.
Most of the cases included in our review were managed conservatively. Hydration along with corticosteroids (most commonly prednisone at dose of 30-40 mg/day or 0.5 mg/kg/day) with or without bisphosphonate (most commonly pamidronate) was the most commonly utilized treatment regimen and seemed effective to improve acute calcium levels in majority of cases. Surgical excision of granulomas was attempted only in 2 cases; however, it was incomplete as the granulomas were extensive. In the absence of proper guideline for management of cosmetic injectionassociated granulomas and hypercalcemia, both medical and surgical management have been attempted (13) . Edwards et al. reported successful treatment of hypercalcemia refractory to medical management with surgical resection of the granuloma (22) . However, resection is often not feasible or incomplete due to extensive and diffuse infiltrating nature of the granulomas, as identified in our review.
In our review, renal failure was the most common complication, occurring in 82.35% of reported cases and associated with 2 deaths. Recurrence of hypercalcemia following treatment occurred in 45.45% cases. As hypercalcemia in these cases is initiated by the granulomas, hypercalcemia would be expected to persist or recur unless the granuloma is resected. It is quite possible that hypercalcemia may still recur in the other cases where resolution of hypercalcemia was reported, given the foreign bodies causing the granuloma were not removed.
Limitations
Our study has some limitations. The quality and synthesis of data were dependent upon the individual cases, and there was heterogeneity among the data reported with multiple missing and incomplete data points (including corrected calcium, ionized calcium, Vitamin D3, Vitamin D2, PTH, patient outcomes and extended follow-up). Moreover, our study was limited to articles in English language, which may have caused us to exclude important non-English studies.
Conclusion
Hypercalcemia from cosmetic injections is rare but can be severe and life threatening. Patients, especially females, with non-PTH mediated, non-malignant hypercalcemia associated with elevated or normal calcitriol level should be asked about a history of prior cosmetic injections, as there can be a significant time delay in presentation. As the trend of cosmetic injections and cosmetic medical tourism continue to grow, more cases of foreign body granulomas with subsequent severe and life-threatening hypercalcemia will likely be reported. All these cases should be submitted to a registry with standardized reporting so that additional data may be available to better guide future guidelines, policies and interventions.
